A species-specific polymerase chain reaction (PCR) was developed for the identification of beef that is cattle (Bos indicus) meat by targeting mitochondrial D-loop region. A pair of beef-specific primers was designed to amplify conserved region of D-loop and possibility of cross-amplification was ruled by taking into account other species comprising of mammals, birds, rodents and fish. The amplified PCR product of 381 bp was evident in raw (n = 20), cooked (60, 80 and 100°C), autoclaved (121°C) and micro-oven processed beef samples. Sensitivity of PCR assay was at 0.1% for detection of beef adulteration and the limit of detection (LOD) of beef DNA was 0.1 picograms (pg). Newly developed beef-specific PCR assay was rapid and sensitive and hence could be applied for the detection of adulteration of meat.
Introduction
India is the largest exporter of beef (buffalo meat) in the world; in the year 2015 India exported 2.4 million tonnes of beef and veal followed by Brazil and Australia that exported 2 and 1.5 million tonnes, respectively. [1] As a national policy, the export of beef (cattle meat) is prohibited owing to religious sentiments of Hindus and buffalo meat is unaffected. Although slaughter of cow (female cattle) and its progeny is prohibited in most of the states of the country, clandestine slaughter of cattle and adulteration of buffalo meat with beef is prevalent for economic reasons. This malicious act of meat substitution requires to be prevented so as to protect religious sentiments and to ensure prompt labelling as part of compliance with national regulations. Further, legal or veterolegal cases incriminating slaughter of cow also require beef authentication. Recent killing of a man in Uttar Pradesh, India over the reports of storing beef in his house further signifies the importance of correct beef identification. To deal with such cases, reliable meat authentication techniques are required. Even in European countries, food items marketed as containing beef were found to contain undeclared horse meat to the extent of 100% in content in few cases necessitating prompt product labelling and its compliance.
[2] Adulteration of meat apart from violating religious sentiments has also got health implications such as food allergy in sensitised individuals [3] and probably increased risk of colon cancer. [4, 5] Further, ruminant species authentication especially bovine would aid prevention of diseases such as transmissible spongiform encephalopathies (TSEs) that are known to affect both animals and humans. [6] In Europe, incorporation of ruminant-derived material is banned in feed and labelling is strictly enforced by law and such compliance requires tools for authentication of species. Previously, several analytical methods based on anatomical, histological, microscopic, organoleptic, chemical, electrophoretic, chromatographic and immunological characteristics have been used for meat speciation including beef authentication. However, owing to inherent limitations, these techniques have been replaced by the versatile DNA-based methods. The DNA is more stable and its structure is highly conserved allowing identification and discrimination of species not only in raw but also in cooked, processed and admixed samples. Several DNA-based techniques have been used for species authentication viz., DNA Hybridisation [7] , Random Amplified Polymorphic DNA (RAPD) finger printing [8] , polymerase chain reaction (PCR) and its variants [9, 10] , restriction fragment length polymorphism (RFLP) [11, 12] , Terminal Restriction Fragment Length Polymorphism (T-RFLP) [13] , PCR product sequencing [14, 15] and real-time PCR. [16] Among these techniques, PCR-based methods offer the greatest advantage in terms of sensitivity, specificity and rapidity. [17] Particularly, species-specific PCR could prove highly beneficial for species identification due to its simplicity, reliability and ability to detect and differentiate target DNA. Keeping in view the advantages of species-specific PCR, present study was undertaken with the aim of developing a cattle-specific PCR for the authentic identification of beef.
Material and methods

Sample collection and preparation
Samples were collected from meat producing animals, wild animals and fish for the study as shown in Table 1 . Depending on availability, approximately 50-500 g tissue or 2-10 mL of blood was collected from local markets, animal post mortem halls, veterinary clinics and zoo. Collected samples (meat, tissue or blood) were transported to laboratory under chilled conditions (4°C) and stored at −20°C until further processing.
For studying the effect of cooking on DNA amplification, meat samples were cooked at 60, 80 and 100°C for 30 min in boiling water bath to mimic routine kitchen cooking followed by DNA isolation and PCR amplification. Meat samples were cooked by autoclaving at 15 lbs pressure and 121°C temperature for 30 min to simulate pressure cooking (it is a common practice of cooking meat) and micro-oven cooking to ensure proper cooking. All the raw and cooked samples were analysed for diagnostic signal using beef-specific PCR.
DNA isolation
Extraction of DNA from meat tissue (raw and processed) samples was undertaken using Wizard ® Genome DNA purification kit (Promega, Madison, USA) following manufacturer's protocol. Phenol: Chloroform method was used for extraction of DNA from blood samples. [18] Isolated DNA from blood and raw or cooked meat samples was checked for quality, purity and concentration; only good quality DNA (OD 260 :OD 280 ratio of 1.7-1.9) was used for PCR amplification.
Primer designing
PCR Primers (VPH-CF and VPH-CR) were designed for specific amplification of cattle mitochondrial D-loop region using DNA Star software (DNA Star, Inc., Madison, Wisconsin, USA) as detailed previously by Karabasanavar et al. (2014) . Newly designed cattle-specific primers viz. forward (VPH-CF) 5′-TAT CAA AAA TCC CAA TAA CTC AAC ACA-3′ and reverse (VPH-CR) 5′-GGG CCC GGA GCG AGA AG-3′ were custom synthesised (IDT, Inc., Coralville, Iowa, USA) and used for PCR amplification; the location of primers flanking the cattle mitochondrial D loop region is shown in Figure 1 .
PCR assay
The PCR reaction was carried in 25 μL volume consisting of 200 μM of each dNTP (Promega, USA), 20 pico moles each of primers, 1 U of Taq DNA polymerase (DFS-Taq DNA polymerase, BioronGmbH, Ludwigshafen, Germany), 50 ng of purified template DNA mixed in a nuclease free water (Merck, Darmstadt, Germany) and 2.5 μl of 10× assay buffer [160 mM (NH 4 ) 2 SO 4 , 670 mM TrisHCl, pH 8.8, 0.1% tween-20, 25 mM MgCl 2 , Bioron-GmbH). The tubes were flash spun to settle down the reactants and the amplification was performed in thermal cycler (Gene GeneAMP ® PCR System 9700; Applied Biosystems, Foster City, California, USA).
The cycling conditions consisted of initial denaturation (95°C for 5 min) followed by 30 cycles of denaturation (95°C, 30s), primer annealing (55°C, 30s) and extension (72°C, 30s). After final extension (72°C, 5 min), the PCR products were held at 4°C until electrophoresis. Amplified PCR products (5 µl) were electrophoresed on agarose gel (2%) at 50 V for 1 h and bands visualised over a gel documentation system (AlphaImager ® HP; Alpha Innotech Corp., San Leandro, California, USA) along with a 100 bp DNA ladder (M/s. Fermentas Ltd.).
Sensitivity and specificity of PCR
Sensitivity of the PCR was assessed by two methods. Firstly, a base adulteration meat mixture (BAM) was prepared by mixing meats of buffalo, sheep, goat, pig and chicken in equal quantity (20 mg each) and to this BAM, beef was added at 10, 5, 1, 0.5 and 0.1% levels followed by DNA extraction from each sample. Secondly, 10-fold serial dilutions of the template DNA were prepared starting with 10 ng DNA, that is10 1 to 10 -10 nanograms per reaction followed by PCR amplification; highest dilution of DNA giving detectable amplification after 30 PCR cycles (25 μl reaction volume) was considered as limit of detection (LOD). To check the specificity of cattle-specific PCR, primers were challenged with DNA from as many as 25 other animal species as shown in Table 1 and their DNA was subjected to PCR along with positive and negative controls for detection of any amplification.
Results and discussion
Precise detection of beef is of paramount importance in order to curb meat adulteration and to ensure consumer's sentiments. Principal objective of this investigation was to develop a rapid and sensitive end-point PCR for the authentic detection of beef in raw, cooked and adulterated meat samples. Cattle-specific primers designed against mitochondrial D-loop (size 911 bp) flanking the sequence (Accession No. EF524180 downloaded from NCBI) amplified a distinct amplicon having positions 53-434; which was highly specific cattle-specific PCR product of 381 bp size (Accession No. FM179472, Figure 2 ). The sequence was common to both Bos indicus (zebu cattle) and Bos taurus (taurine cattle) enabling the identification of cattle derived from both indigenous (native breeds of India) as well as exotic (originated outside of India such as Holstein Frisian and Jersey) breeds. PCR amplification was confirmed in as many as six breeds of cattle namely Sahiwal, Deoni, Khilari, Holstein Frisian, Jersey and cross-breeds (cross of HF or Jersey with native Indian breed).
The primer concentration and annealing temperatures were standardised for optimum PCR amplification of the target; 20 pico moles each of primers (VPH-CF and VPH-CR) and 55°C annealing temperature yielded the diagnostic amplification. Although several mitochondrial targets have been applied for the purpose of meat speciation such as cytochrome b [19] [20] [21] [22] , rRNA (5s, 12s, 16s, 18s) genes [14, 15, 23, 24] , D-loop region [10, 17] etc. However, targeting of mitochondrial D-loop has been found promising as it aids in inter-species and inter-generic comparisons. [25] Mitochondrial D-loop being a 'hyper-variable region', specific primers could be designed for easier discrimination of animal species. Additionally, availability of multiple copies of DNA in each cell facilitates PCR amplification even in processed samples (few copies are left even though majority gets degraded).
Techniques such as RAPD-PCR [26] , PCR-RFLP [12] and real-time PCR [27] have been used for speciation; however, these techniques require either post-PCR analysis, software for analysis or costly instrumentation/consumables. Although real-time PCR is highly sensitive than conventional PCR but it requires costly reagents and equipment. Nevertheless, multiplex PCR assay can amplify and identify several (as many as six) targets in a single PCR reaction [9, 28] but its standardisation and validation require difficult and skillful primer designing. While using large numbers (2-8) of targets in multiplex reaction, cross reactions could lead to unwanted secondary PCR products or nonamplification of expected targets. Therefore, species-specific PCR would prove advantageous over other DNA-based methods in terms of ease in performance, specificity, rapidity and robustness. Species-specific PCR could also detect target sequence in a solitary or multiple admixed samples thereby precluding any further sequencing or RFLP for confirmation of the species. [29] Novel beef-specific PCR developed in this study was found highly suitable for detection of beef adulteration thereby proving its merit in beef adulteration detection. The mitochondrial D-loop-based PCR can detect cattle or beef species in raw, cooked and adulterated samples with a limit of detection (LOD) of 0.1 pg. The PCR assay successfully detected adulteration of beef into non-beef meat with 0.1% sensitivity (Figure 3 ). For determination of sensitivity, when beef was artificially adulterated with meat mixture (BAM) consisting of other species, beef-specific PCR successfully detected cattle DNA to the extent of 0.1% level. Spectrophotometrically measured DNA diluted in nuclease-free water when amplified to determine the LOD, beef-specific PCR detected up to 0.1 pg cattle DNA. With conventional species-specific PCR, achieving this sensitivity is sufficient for the purpose of practical species identification. However, the conventional end point PCR assay being purely qualitative in the detection of meat adulteration. While quantitative real-time PCR assay has higher sensitivity in the detection of low levels of adulteration. Although real-time PCR offers remarkable sensitivity, it would be undesirable to have detection limit below 0.1%. [30] Other investigators have identified beef using PCR with an LOD in the range of2.5-250 pg [9, 27, [31] [32] [33] using different targets and primers. In view of this, LOD achieved by beef-specific PCRs in this study testifies its sensitivity which is better than the previously reported end-point PCR. While, Walker et al. 2003 [34] and López-Andreo et al. 2005 [35] detected 0.1 pg and 0.06 pg of bovine DNA using real-time PCR, respectively. Further, Guoli and coworkers 1999 reported a PCR assay targeting bovine satellite 1.709 DNA for the identification of beef but they could not prevent cross amplification of closely related species like buffalo and yak. [36] In this investigation, cattle-specific primers did not amplify any of the 25 animal species making the beef-specific PCR highly specific to cattle.
The novel beef-specific PCR was able to identify beef DNA in raw, cooked (60, 80 and 100°C for 30 min), autoclaved (121°C for 30 min) and micro-oven processed meat samples (Figure 4 ). Diagnostic beef-specific amplicon was detectable in DNA of samples subjected to heat treatment at various temperatures (60, 80 and 100°C, autoclaving/cooking under pressure at 121°C for 15 lbs pressure for 30 min and micro-oven cooking for 5 min); positive PCR signal (specific to cattle of 381 bp size) was observed in all the tissue samples (up to 121°C).
The specificity of the beef-specific primers was validated against as many as 25 animal species for PCR cross amplification and diagnostic amplicon of 381 bp was evident only in cattle thereby excluding chance of mis-identification of the non-target species (n = 25). When cattle sequence was analysed using 'BlastN' program of National Centre for Biotechnology Information (NCBI), the sequence showed highest homology to cattle; amplicon and primer's Basic Local Alignment Search Tool (BLAST) analysis revealed highest homology to cattle indicating high level of primer specificity to the target sequence. Hence, chances of cross-amplification from other species DNA was excluded both on theoretical and practical grounds. The PCR amplification of target DNA using beef-specific primers was repeated 20 times and consistent results were recorded. An intra-laboratory validation study also revealed reproducible results with blind samples in raw, cooked and experimentally adulterated meat tissues (n = 20). 
Conclusion
Adulteration of meat, particularly beef is an important issue in the Indian subcontinent due to sociocultural and religious values. Hence, in order to cater to the need for a specific and rapid diagnostic test, mitochondrial D-loop-based PCR was developed for the identification of beef. Diagnostic amplicon of 381 bp was evident in all the samples (raw and cooked) tested. The sensitivity of the beef-specific PCR for the detection of beef adulteration in other species meats (buffalo, sheep, goat, pig and chicken) was found to be 0.1% and LOD of DNA was as low as 0.1 pico grams. It does not require post PCR processing and analysis as in case of RFLP for species confirmation. The assay is rapid, sensitive, specific and easy to perform; the technique could help laboratories for accurate detection and authentication of beef.
